Patients with diabetes mellitus may develop plantar flexion contractures (equinus) which may increase forefoot pressure during walking. In order to determine the relationship between equinus and forefoot pressure, we measured forefoot pressure during walking in 27 adult diabetics with a mean age of 66.3 years (SD 7.4) and a mean duration of the condition of 13.4 years (SD 12.6) using an Emed mat. Maximum dorsiflexion of the ankle was determined using a custom device which an examiner used to apply a dorsiflexing torque of 10 Nm (SD 1) for five seconds.
Patients with diabetes mellitus may develop plantar flexion contractures (equinus) which may increase forefoot pressure during walking. In order to determine the relationship between equinus and forefoot pressure, we measured forefoot pressure during walking in 27 adult diabetics with a mean age of 66.3 years (SD 7.4) and a mean duration of the condition of 13.4 years (SD 12.6) using an Emed mat. Maximum dorsiflexion of the ankle was determined using a custom device which an examiner used to apply a dorsiflexing torque of 10 Nm (SD 1) for five seconds.
Simple linear regression showed that the relationship between equinus and peak forefoot pressure was significant (p < 0.0471), but that only a small portion of the variance was accounted for (R 2 = 0.149). This indicates that equinus has only a limited role in causing high forefoot pressure. Our findings suggest caution in undertaking of tendon-lengthening procedures to reduce peak forefoot plantar pressures in diabetic subjects until clearer indications are established.
It has been estimated that there are 120 million people worldwide with diabetes mellitus. 1 About one in ten will develop a chronic foot ulcer, 2 increasing their risk of amputation and mortality. 3 The personal and financial costs of treating foot ulcers and the related sequelae are substantial. 3 There is a need to investigate prophylactic measures aimed at reducing mechanical loads to the plantar surface of the feet which are thought to be a major contributor to the development of ulcers 4 and may impede their healing.
Patients with diabetes develop muscle stiffness. Alterations in collagen tissue in tendons have been observed on electron micrographs, and are likely to be related to non-enzymatic glycolation of the tissue 5 by advanced glycolytic end-products. These ultrastructural changes in the connective tissue produce the increased stiffness and may result in contracture of the joints. All skeletal muscles may be affected, but contracture of the plantar flexors of the ankle (equinus) is important because it may cause the heel to rise off the ground earlier than normal thereby exerting higher pressure on the forefoot for a longer time. Equinus may be related to increased forefoot pressure, 6 the formation of ulcers and ultimately amputation.
Surgical lengthening of tendo Achillis has been suggested as a technique for reducing abnormal plantar pressure and therefore preventing ulceration beneath the metatarsal heads. It has been shown to be effective in reducing forefoot pressure by 27%, but this appeared to be temporary and it returned to more than 80 N/cm 2 after eight months and persisted thereafter. 7 Normal forefoot pressures are generally less than 21 N/cm 2 . 8 Lengthening of tendo Achillis appeared to promote healing of forefoot ulcers in 80% of the patients treated, 9 but resulted in substantial ankle weakness marked by reductions in the generation of plantar flexor torque during gait that persisted beyond eight months post-operatively, 7 although by this time the forefoot pressure had returned to very high levels. 7 Other authors 9 found that 10% (seven of 73 ankles) suffered a rupture of tendo Achillis post-operatively, and 28% had dorsiflexion of > 15˚, indicating a calcaneous gait and risking excessive heel pressures; 15% had a transfer of ulcers from the forefoot to the heel. These complications may have devastating effects on walking, the recurrence of ulcers and on the future risk of amputation. Lengthening of tendo Achillis has some clear benefits, but also some risks. It is imperative that improved techniques be developed to optimise selection of cases so that only patients who would clearly benefit undergo the procedure.
The patients in previous studies were chosen for surgical intervention based on the presence of equinus as defined as < 5˚ of dorsiflexion on examination with a handheld goniometer. However, determination of equinus by physical examination of the range of movement on the ankle has some error. 10, 11 The amount of dorsiflexion achieved is dependent upon the amount of force applied to dorsiflex the ankle, and determining the end of the range is subjective. Therefore, because of the large error associated with examination for equinus, some patients may have been inadvertently excluded from treatment, while others without equinus may have been included. This lack of precision may lead to poor outcomes. An objective tool for measurement may aid in correctly identifying patients who would benefit from appropriate lengthening of the musculature of the triceps surae. [10] [11] [12] [13] [14] [15] Our aim was to determine if there was a difference in peak forefoot pressure between patients with equinus and those without, as measured by the equinometer, and to use simple linear regression to establish the relationship between equinus and the level of peak forefoot pressure in a group of patients with diabetes.
Patients and Methods
We recruited 27 patients with diabetes for this study. The protocol had ethical approval and patients gave their informed consent. Their clinical features are described in Table I . Ankle equinus was measured using a custom-made device developed in our laboratory called an equinometer. 10, 11, 14, 15 This device records the amount of dorsiflexion at a specific level of applied dorsiflexion force for a specific period of time with the foot in the anatomical (subtalar) neutral position (Fig. 1) . It is simple, quick to apply, comfortable for the patient and does not substantially alter the customary assessment of ankle equinus other than controlling the application of force. For this study unilateral ankle dorsiflexion with the knee extended was recorded by a computer sampling an angular potentiometer after 10 Nm (SD 1) of dorsiflexion torque had been applied for a period of five seconds. During a physical examination of the ankle the customary torque applied is 10 Nm. 11 We chose to measure equinus with the knee extended because during the stance phase when tight plantar flexors would have the greatest effect upon the position of the ankle the knee is generally flexed only from 0˚ to 15˚ rather than the 90o ften used during a standard physical examination. A computer sampled the load cell, calculated the dorsiflexion torque at the ankle, gave an audible tone and displayed a visual target for the examiner during the assessment. The tone had three possible pitches: > 11 Nm, high tone; < 9 Nm, low tone; and 10 Nm (SD 1), medium tone. The load cell and angular potentiometer of the equinometer were calibrated on a jig before collection of data. The potentiometer on the foot segment was connected to that of the shank by a parallel linkage to ensure accurate measurement of the ankle between the two segments and to compensate for the polycentric nature of the ankle. Other authors have recently developed similar devices 16, 17 to quantify equinus objectively in diabetic subjects. These devices have not included any method of dealing with malalignment of the device with regard to the centre of the ankle or the polycentricity issue during movement.
After measurement of dorsiflexion by the equinometer patients walked barefoot along a 4 m walkway at their self-selected speed and plantar pressures were recorded from a Novel Emed pressure mat (sensors size 0.5 cm x 0.5 cm) sampled at 100 Hz (Novel Inc., Munich, Germany). Foot contacts were on the same side as those recorded by the equinometer for each subject. They completed five trials and the maximum peak forefoot pressure during the trials was determined using Novel Emed 1.18 software (Novel Inc.) with a single mask around the forefoot region of the foot. ANOVA was used to determine the difference in forefoot pressures in those with equinus (< 5˚ dorsiflexion) compared with those who did not have equinus (> 5d orsiflexion). Simple linear regression was used to determine the relationship between an equinus contracture and peak forefoot pressure during gait. Significance was set at p > 0.05.
Results
Of the 27 patients, 13 had equinus (< 5˚ dorsiflexion) as measured by the equinometer. The individuals with equinus had a higher mean forefoot pressure than those without (63.9 (SD 13.3) vs 50.9 (SD 14.1), respectively; p = 0.0245; Fig. 2 ). Ankle dorsiflexion, using the equinometer with 10 Nm (SD 1) of torque for five seconds, ranged from -1.6t o 14.1˚. Peak forefoot pressure ranged from 29.0 to 78.5 N/cm 2 (1 N/cm 2 = 10 kPa). Simple linear regression revealed a significant relationship between equinus and peak forefoot pressure (p > 0.0471), but only a small portion of the peak forefoot plantar pressure variance was accounted for (R 2 = 0.149). This indicates that only 15% of the increase in forefoot pressure was associated with the measurement of equinus. The relationship between equinus and forefoot pressure is shown in Figure 3 . Correlation between ankle equinus (˚) and peak forefoot plantar pressure (N/cm 2 ) during walking.
Discussion
Based on our data the relationship between equinus and peak forefoot pressure during walking is significant but weak. This suggests that other factors such as bony deformities, thickness of plantar tissue or modifications of gait may result in an accumulated additive effect on peak forefoot pressure. This is consistent with the work of Morag and Cavanagh 18 who showed that the range of movement of the ankle accounted for only a small portion of the variance in predicting first metatarsal peak pressure. All the patients in our study showed increased peak pressure in the forefoot at levels which have been associated with the development of plantar ulcers, 19 and even a slight increase in pressure from equinus may tip the balance in favour of the formation of ulcers. Therefore, the contribution of equinus to peak forefoot pressures may be relatively small, but clinically relevant.
Other authors have shown a significant difference in peak forefoot pressure for patients with equinus compared with those without equinus, 6 but equinus was measured only with a goniometer without controlling for the amount of dorsiflexion force during the measurement. Nevertheless, the results of Lavery et al 6 are consistent with those of our study comparing patients with equinus with those with a normal range of dorsiflexion, but they did not include an estimate of the relationship between the degree of equinus and the peak forefoot pressures. Our results indicate that equinus appears to have a minor but statistically significant role in forefoot plantar pressures during walking.
It is possible that while the amount of equinus did not account for a large portion of the variance in peak forefoot pressure, equinus may prove to have a more substantial influence on pressure-time integrals. If equinus causes early heel rise, forefoot pressure may remain relatively high for most of the stance phase, rather than only at the later portions of stance during push-off. This prolonged period with limited arterial perfusion to the forefoot plantar tissue could increase the risk of ulceration or impede healing once ulceration has occurred. Increased forefoot pressure-time integrals may be a more sensitive measure in determining the effects of equinus and require further study.
Our method of defining equinus may be improved further if the applied dorsiflexion torque is normalised to body-weight. In some individuals a dorsiflexion torque of 10 Nm may be close to that during walking while in others much higher torques may be experienced. However, care must be taken not to apply an injurious load to the plantar forefoot tissues during assessment. It is also possible that a more detailed profile of the angle-torque relationship across a range of torques would assist in understanding the dynamic characteristics of plantar flexors of the ankle and their influence on forefoot pressure during walking. However, there are also complex viscoelastic tissue characteristics which confound collection of these data. The increased tendon stiffness from glycolytic-end-product induced crosslinking 5 is likely to alter substantially the force-lengthvelocity relationship of the plantar flexors, and may also influence creep. Defining plantar flexor stiffness across a range of torques, angular velocities and hold times may yield more valuable information in choosing appropriate candidates for surgical lengthening to reduce loading of the forefoot.
Our data suggest caution in undertaking tendon-lengthening procedures until clearer indications are established. Judicious selection of individuals with equinus using an objective method is recommended before operations are undertaken to reduce forefoot pressure in diabetic subjects.
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